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The present study aimed to analyze the impact of environmental contamination on  metal accumulation 
and oxidative stress in wild rats, Rattus rattus, collected from metal-polluted areas in the vicinity of 
Riyadh Region, Saudi Arabia.Soil samples and wild rats were collected from four locations (Dhurma, 
Kharj Road, Al Muzahmiyah and Laban Valley ) that differ in their extent of pollution load. However, 
Laban Valley was taken as a reference site in this study . High concentrations of heavy metals 
(cadmium, lead and zinc) were recorded in soil and tissues ( liver, kidney and hair) of animals collected 
from  Dhurma , the site with high anthropogenic pressure. Moreover, a significant increase in the level 
of liver malondialdeyhde (MDA) coupled with an inhibition of the activity of  superoxide dismutase 
(SOD), catalase (CAT), Glutathione Peroxidase(GPx), Glutathione Reductase (GR) and Glutathione-S-
Transferase (GST) were recorded in Dhurma followed by Kharj Road and Al Muzahmiyah compared 
to the reference  site.From these results , it could be concluded that that the selected biomarkers are 
useful for the assessment of pollution impacts in natural environments and the small wild animal R. 
rattus can be used as a bioindicator model for metal toxicity in an arid environment. 
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1. Introduction 
The rapid growth of Riyadh, the capital city of Saudi Arabia, has created numerous environmental problems 
common to most cities worldwide [1]. The accelerated industrialization process in combination with the rapid 
population growth and agricultural activities have brought the risk of increasing the pollution index in natural 
environments such as water, soil, air, etc [2, 3]. For their multipurpose usage, persistence in the environment, 
bioaccumulation and high toxicity, heavy metals are considered as one of the most serious pollutants in the 
environment. Heavy metals are involved in various industrial processes, agricultural activities, domestic waste and 
vehicle emissions. On the other hand, heavy metals that originate from anthropogenic sources could be found in all 
components of the environment [4-6]. Heavy metal poisoning is the toxic accumulation of heavy metals in soft 
tissues. A metal’s toxic effect manifested in an organ is mainly a function of concentration and exposure time, 
because many toxicants tend to bioaccumulate. When they occur at certain levels, even essential elements that are 
critical for life, may lead to loss of organ function or death [7]. Metals can appear in different forms in the 
environment and metal toxicity is related to their oxidative state and reactivity with other compounds [8, 9]. The 
literature is replete with the reports on metal induced oxidative stress that has been recentlyimplicated in the 
pathogenesis of metal toxicities. It is established that metals can generate reactive oxygen species (ROS) which in 
turn overwhelms the cell’s innate antioxidant defenses leading to oxidative stress [10]. 
Oxidative stress is a condition where there is an imbalance between antioxidant defense and the production of 
reactive oxygen species, antioxidant is overcome by radical formation causing oxidative damage to biomolecules 
[11]. Indicators of oxidative stress include changes in antioxidant enzyme activity, damaged DNA bases, protein 
oxidation and lipid peroxidation products [12]. Antioxidants play a major role in maintaining good health and can 
prevent or slow the rate of oxidative damage (too much oxygen) to body. They act as scavengers, preventing and 
repairing damage done by free radicals, unstable molecules (having an unpaired electron) that are created as part of 
the normal metabolic process or from exposure to environmental toxins. Antioxidant system consists of enzymatic 
and non-enzymatic compounds [13, 14]. The most important antioxidant defense systems include antioxidant 
enzymes such as superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), and glutathione 
reductase (GR) as well as nonenzymatic antioxidants (e.g. glutathione(GSH)), which have been extensively used as 
biomarkers of oxidative stress [15-19].In Saudi Arabia, bioaccumulation of metals via aquatic food webs has been 
extensively studied. Because parallel information on terrestrial systems is still lacking, we targeted here a local 
small mammal species [20] small mammals respond to larger areas because of their high mobility [21]. Therefore, 
rodents are usually used as indicators of pollution, with elements being determined in either whole body or in 
specific organs, generally the liver [22].The present work was carried out to investigate the pollutants levels 
including the content of some heavy metals in some polluted locations in the vicinity of  Riyadh City and their 
accumulation in the organs of Rattus rattus. Also , this study aimed to reveal the oxidative stress response in the 
liver of R.rattus and to evaluate the appropriateness of employing R.rattus as a bioindicator model for metal 
toxicity in an arid environment. 
 
2. Materials and Methods 
2.1. Study Area and Sampling Locations 
Riyadh  lies in the center of the Arabian  Peninsula  at a latitude 34 - 38° north  and  longitude 46 – 43° east 600 
m above sea level. 
All sampling locations for this study are in the vicinity of  Riyadh city.Samples were collected from four 
locations ( Fig 1). The first sampling site is Dhurma, which is considered as the most polluted location.  Dhurma 
Area is a small town located 60 kilometres by road northwest on  Riyadh. It  includes the central plant of  marble 
stone, fiber glass and cement block. The second polluted sampling location is Kharj Road District. Key sources of 
pollution into this site are a petroleum refinery, a cement plant and vehicle maintenance workshops and road traffic. 
The third location is situated at Al Muzahmiyah area which is about 45 km West of Riyadh City. Al Muzahmiyah is 
located between Tuwaiq Mountains on the east and Nfood  on the West. Despite being a province famous for 
agriculture, it includes the many factories such as cement block and plastic. The reference site issituatedamidst Laban 
Valley  which is one of the main valleys in the City of Riyadh. It is located about 25 Km southwest of Riyadh City, 
far enough from most sources of polluting activities; hence was selected as a clean reference site. 
 
 
Figure-1. A map of Riyadh Region  showing the chosen sampling locations,location 1(Dhurma), location 2 (Kharj 
Road in new industrial area), location 3 ( AlMuzahmiyh) and location 4 (Laban Velley). 
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2.2. Sampling of Soil and Animals 
Soil and rats Rattus rattus were collected from polluted and reference sites at three monthly intervals during a 
period extending from September to November 2012. From each sampling location, soil was randomly collected at 5 
different spots for accuracy of the results. For each sample, the uppermost surface layer (2 cm down the soil surface) 
was carefully removed and used for metal analysis.  
A total number of 45 adult live-trapped samples of  rats, of almost uniform body length (12-18 cm) and weight 
(150- 250 g), were used for the present study. The trapped animals were then taken to the laboratory, where they 
were identified for maturity and general health status. They were then slightly anaesthetized , killed and the selected 
organs (liver, kidney and hair) were excised and stored in clean plastic containers at-20°C until later prepared for 
metal analysis. 
 
2.3. Determination of Heavy Metals 
Soil and animal tissues were digested according to USEPA Method 3052 [23] using a microwave (Ethos plus 
milestone, microwave laboratory systems, Italy).  
Concentrations of lead, cadmium and zinc were determined in digested soil and animal tissues (liver, kidney and 
hair) using Varian AA-280 Zeeman atomic absorption spectrophotometer coupled to GTA-120 electrothermal 
atomizer and programmable sample dispenser (Varian Techtron Pty. Ltd., Australia). All metals were determined 
according to USEPA Method 2007 [24] under the recommended conditions and the detection limits (DL) in the 
manual for each metal; and all were expressed as µg /g dry weight. 
 
2.4. Determination of Oxidative Stress Parameters 
Tissue homogenates of liver from collected animals  were prepared for determination of lipid peroxidation and 
antioxidant enzymes activities (Catalase, Superoxide dismutase, Glutathione reductase, Glutathione S-transferases 
and Glutathione peroxidase) in accordance with the protocol provided with the enzyme assay kits (Cayman 
Chemicals, USA). 
Cayman’s TBARS assay kit was used to measure lipid peroxidation ( LPO) in terms of malondialdehyde (MDA)  
following the method of Ohkhawa, et al. [25].  
Cayman’s catalase assay kit was used to measure the Catalaze (CAT) activity according to the method of Cohen, 
et al. [26]. Glutathione Peroxidase(GPx)activity was estimated according to method of Forstrom, et al. [27]. The level 
of Glutathione Reductase (GR)  was measured  according to the method of Carlberg and Mannervik [28] 
Cayman'sGlutathione-S-TransferaseAssay Kit was used to measured GST  activityfollowing the method of 
Morgenstern, et al. [29].  
 
2.5. Statistical Analysis 
Differences between obtained values (mean ± SEM, n = 5) were carried out by one-way analysis of variance 
(ANOVA) followed by the Tukey-Kramer multiple comparison test.  
 
3. Results 
Average concentrations of heavy metals in the soil are presented in Table 1. The concentration of metals in soil 
was found in the range of 0.014 - 0.072 μg/g for Cd, 0.224 - 2.66 μg/g for Pb and 0.712 -2.892 μg/g for Zn 
 
Table-1.Concentrations (in micrograms per gram dry weight) of heavy metals in soil from locations 1-4. 
 
Metals 
Location 4 
(LabanValley, Reference site) 
Location 3 
(Al Muzahmiyah) 
Location 2 
(Kharj Road) 
Location 1 
(Dhurma) 
Cd 0.014 ±0.002
c. d.e 
0.04± 0.003
b,e 
0.043± 0.005
a,d 
0.072 ± 0.007
a,b,c 
Pb 0.224 ± 0.067
c,e 
0.896 ± 0.142
b,d 
1.788 ± 0.339
a,d,e 
2.66 ± 0.195
a,b,c 
Zn 0.712 ± 0.099
c,d 
1.278 ± 0.243
b 
1.862 ± 0.213
a,d 
2.892 ± 0.358
a,b,c 
Cd: cadmium, Pb: lead and Zn: zinc. Data are presented as means ± standard error  
(n = 5). Different superscripts in the same row identify significant differences (LSD, p < 0.05) among sites. 
 
Average concentrations of heavy metals in the liver of rats are presented in Table 2. Regardless of the site, the 
concentration of metals in rats was found in the range of 0.05 - 0.13 μg/g for Cd, 0.684- 2.534 μg/g for Pb and 3.07 - 
7.17 μg/g for Zn. Average concentrations of heavy metals in the kidneys of rats are presented in Table 3. Regardless 
of the site, the concentration of metals in rats was found in the range of 0.053 - 0.156 μg/g for Cd, 0.62- 2.49 μg/g for 
Pb and 2.64 - 6.72  μg/g for Zn. Average concentrations of heavy metals in the hair of rats are presented in Table 4. 
Regardless of the site, the concentration of metals in rats was found in the range of 0.018 - 0.046 μg/g for Cd, 0.246 - 
0.692 μg/g for Pb and 1.27- 2.93 μg/g for Zn.Metal accumulation among the different sites was ranked as follow: 
Dhurma (location 1) > the Kharj Road (location 2) > the Al Muzahmiyah (location 3) > the Laban Valley (location 
4). 
 
Table-2. Concentrations (in micrograms per gram dry weight) of heavy metals in liver of rats from the four sampling sites. 
 
Metals 
Location 4 
(LabanValley, Reference site) 
Location 3 
(Al Muzahmiyah) 
Location 2 
(Kharj Road) 
Location 1 
(Dhurma) 
Cd 0.05 ± 0.005
d,c 
0.07 ± 0.005
b 
0.08 ± 0.06
a,d 
0.13 ± 0.007
a,b,c 
Pb 0.684± 0.11
 c,e,f
 1.342 ± 0.13
b,d,f
 1.945 ± 0.16
a,d,e
 2.534 ± 0.19
a,b,c 
Zn 3.07 ± 0.39
c, d
 4.15 ± 0.46
b
 5.47 ± 0.41
a, d
 7.17 ± 0.44
a, b,c
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Table-3. Concentrations (in micrograms per gram dry weight) of heavy metals in kidneys of rats from the four sampling sites. 
 
Metals 
Location 4 
(LabanValley, Reference site) 
Location 3 
(Al Muzahmiyah) 
Location 2 
(Kharj Road) 
Location 1 
(Dhurma) 
Cd 0.053 ± 0.006
c,d,e 
0.085 ± 0.007
b,e
 0.104± 0.007
a,d 
0.156± 0.011
a,b,c 
Pb 0.62± 0.13
c,e 
1.06 ± 0.09
b, d 
1.75 ± 0.20
a, d, e 
2.49 ± 0.19
a, b, c 
Zn 2.64 ± 0.36
d, c 
3.85 ± 0.43
b 
4.62 ± 0.42
a, d 
6.72 ± 0.60
a, b, c 
Cd: cadmium, Pb: lead and Zn: zinc. Data are presented as means ± standard error  
(n = 5). Different superscripts in the same row identify significant differences (LSD, p < 0.05) among sites. 
 
Table-4. Concentrations (in micrograms per gram dry weight) of heavy metals in hair of rats from the four sampling sites. 
 
Metals 
Location 4 
(LabanValley, Reference site) 
Location 3 
(Al Muzahmiyah) 
Location 2 
(Kharj Road) 
Location 1 
(Dhurma) 
Cd 0.018 ± 0.003
c 
0.024± 0.004
b 
0.029± 0.004
a 
0.046± 0.003
a, b,c 
Pb 0.246 ± 0.07
c, b 
0.417 ± 0.06
a 
0.642± 0.06
c 
0.692 ± 0.09
a, b 
Zn 1.27 ± 0.09
d,c 
1.66 ± 0.16
 b 
2.12 ± 0.17
 a, d 
2.93 ± 0.29
 a ,b, c 
Cd: cadmium, Pb: lead and Zn: zinc. Data are presented as means ± standard error  
(n = 5). Different superscripts in the same row identify significant differences (LSD, p < 0.05) among sites. 
 
MDA and endogenous antioxidants in rats are presented in Table 5. Levels of MDA in the liver of rats captured 
at the location 1, location 2 and location 3 always significantly higher than those registered atthe reference site.In 
contrast, the activities of CAT, SOD, GR, GST  and GPx were significantly lower in the location 1, location 2 and 
location 3than the reference site. 
 
Table-5.  Concentration of MDA and antioxidants in the liver of rats from the four sampling sites. 
 
Parameters 
Location 4 
(LabanValley, 
Reference site) 
Location 3 
(Al 
Muzahmiyah) 
Location 2 
(Kharj Road) 
 
Location 1 
(Dhurma) 
MDA (μM/g of tissue) 1.01 ± 0.15c,e,f 1.87± 0.25b,d,f 2.82±0.22a,d,e 3.84 ± 0.18a,b,c 
CAT (nmol/min/ml/g of tissue) 12.08 ± 0.81
c,e 
10.66 ± 0.81
b,d 
7.83 ± 0.60
 a,d,e 
5.17 ± 0.35
a,b,c 
SOD (U/ml/g of tissue) 6.33 ± 0.41
c,e,f 
4.57 ± 0.49
b,d,f 
2.77 ± 0.38
a,d,e 
1.088 ± 0.26
a,b,c 
GPx (nmol/min/ml/g of      tissue) 0.156 ± 0.014
a 
0.118 ± 0.008 0.114 ± 0.007 0.106 ± 0.011
a 
GR (nmol/min/ml/g of tissue) 77.64 ± 6.06
a,b,c 
42.94 ± 2.47
c 
37.14 ± 3.38
b 
33.68 ± 2.10
a 
GST (nmol/min/ml/g of tissue) 43.80± 2.94
b
 
 
41.58± 2.48
a 
36.08 ± 2.98
 
27.42 ± 1.86
a, b 
 
MDA: Malondialdehyde, CAT: catalase; SOD: superoxide dismutase; GPx: glutathione peroxidase; GR: 
glutathione reductase; GST :Glutathione S-transferases. Data are presented as means+ standard error (n = 5). 
Different superscripts in the same row identify significant differences (LSD, p < 0.05) among sites. 
 
4. Discussion 
The rapid growth of  Riyadh, the capital city of Saudi Arabia, has created numerous environmental problems 
common to most cities worldwide. In addition to heavy metals released with industrial wastes, such big cities suffer 
from emissions from road ways and automobiles as major sources of heavy metals. Zinc, copper and lead are three 
of the most common heavy metals released from road travel, accounting for at least 90% of the total metals in road 
runoff. Smaller amounts of many other metals, such as nickel and cadmium, are also found in road runoff and 
exhaust [30].  
In the present study, the elevated levels of most metals tested, in three locations versus reference site, are 
thought to be attributed to anthropogenic sources, given that every industry virtually discharges heavy metals into 
ecosystems [30]. In addition to emissions from road traffic, polluted sites are located within potential sources of 
heavy metals (Cd, Pb and Zn) including coal and oil combustion in electric power stations, heating and industrial 
petrochemical  plants, and kiln operations in cement plants. Previous reports showed that Cd, Pb, and Zn had higher 
concentrations in the vicinity of industrials, vehicles and anthropogenic activities. Liu, et al. [31] determined heavy 
metals (Cd, Zn, Pb,Cu and  Hg)  and organic contamination in soil from waste region (industrials area) in South 
China. They reported that Cd, Cu and Hg were the most abundant metals in soil from region contamination. Asada, 
et al. [32] observed increased levels and accumulation of Zn concentrations in soil  due to anthropogenic activity 
such as the use of compost in soil. 
In the current study, heavy metal accumulated mostly in  the liver of R. rattus followed by the kidney and hair 
collected from almost all polluted sites. On the other hand, the present data indicated that kidney and liver were the 
main  target organs for Cd and Pb. Both kidney and liver have been mentioned as the preferential organs for Cd 
bioaccumulation [33, 34]. Similarly, Adham, et al. [35] also found increased levels in tissue Cd in the kidney and the 
liver in the Libyan jird meriones lybicus collected from a polluted site in Riyadh City compared to a reference site. 
The increase in the tissue concentration of Cd, Pb and Zn could be due to higher bioavailability of the metal of rats 
in most polluted area than other sites. Metals are transported through membranes by protein-carriers or protein-
channels. At high external concentrations, availability of these carriers may become limited and uptake rates will 
decrease. Therefore, lipid layer resistance for influx via absorption is defined as a function of the exposure 
concentration. 
   In agreement with the results of the present study, Sato and Nagai [36] reported that although Cd 
administration resulted in Zn accumulation in both the liver and kidney, the increase in hepatic Zn content was more 
outstanding in Cd- treated rats. Also, metallothionein, which is a low molecular weight protein with high cysteine 
content and a high affinity for Zn, Cd and Cu, is suggested to play an important role in the concentration of these 
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elements in the liver and kidney [37]. The similarities and the differences in the biochemical behavior of Zn, Cd and  
Pb toward  metallothionein may help to elucidate the distribution pattern of these elements. 
In this study, increase levels of Cd, Pb and Zn in the hair was recorded  in most polluted site which could be due 
the affinity of metals for SH- groups. Akesson and Vahter [38] reported that, cadmium is likely to accumulate in 
keratin-rich tissues like nails and hair. This might be attributed to the incorporation of elements into the keratin 
structure of hair which takes place by binding to the sulfhydryl groups that are present in the follicular protein [39]. 
Pereira, et al. [40] also reported that,  exposure of wild rats and Algerian mice, living in an abandoned mining area, 
to a mixture of heavy metals showed a significant  increase  in the Cd concentration in hair of these animals. 
Koranteng-Addo, et al. [41] mentioned that, Pb and Zn levels showed significant increase in the hair of 
occupationally exposed workers in Cape Coast, Ghana than control. 
Kidneys and liver are important sites for metal toxicity in vertebrates and can be used to characterize the risk of 
adverse effects and the potential for injury [42-44]. 
The prime manifestation of the oxidative cell damage induced  by metal exposure is the increased lipid 
peroxidation in the cells. A study carried out by Yiin, et al. [45] demonstrated that the administration of Cd at 
various  doses significantly increased the thiobarbituric acid reactive–substances (TBARS), a well known indicator 
of lipid peroxidation, in rat adrenals glands. Hussein, et al. [46]  repoted that (Cd, Zn and Pb) concentration and 
bioaccumulation in tissues of chicken from some areas in the province of Mecca Almokaramah, KSA, showed a 
significant increase in the MDA level of liver and kidney. The present results showed that, rats collected from most 
polluted location induced oxidative stress which was manifested as increased lipid peroxidation in the cells. The 
levels of MDA were significantly higher in liver of rats from polluted locations. This is in consensus with the 
previous findings of experimental studies on metal–induced oxidative stress in rats [47, 48] in poultry [49, 50]. The 
increased levels of MDA (malondialdehyde), in the liver of rats collected from most polluted location is mainly due 
to the degeneration of the lipids caused by the formed hydrogen peroxide . 
Metal-induced modulation in the endogenous anti-oxidant enzyme activity has been extensively reported in the 
literature. Enzymatic antioxidants present in the body include SOD, CAT and GPx that act as the body’s first line of 
defense against ROS by catalyzing their conversion to less reactive or inert species. These agents either scavenge the 
ROS directly or prevent the production of ROS through sequestration of redox active metals like iron and copper 
[51]. The decreased CAT activity and SOD activity in the present study in liver of rats from polluted sites could also 
be attributed to direct binding of the metal to the active sites of the enzymes or due to their increased usage in 
scavenging free radicals induced by the metal thus causing irreversible inhibition in their activities [10]. Toplan, et 
al. [52] reported increase lipid peroxidation with decreased SOD activity in rats after Cd (20μg Cd/ml as cadmium 
sulfate) addition to their drinking water . 
SOD and CAT are two important enzymatic antioxidants that act against toxic oxygen free radicals such as 
superoxide (O
·2
) and hydroxyl ions (
·
OH) in biological systems. SOD catalyzes the destruction of superoxide radical 
by dismutation and H2O2 formation which explains a parallel increase in the lipid peroxidation with a decrease in the 
SOD activity in the liver of rats in most polluted sites. Catalase plays a role in the decomposition of  H2O2 to water 
and oxygen. Reduced activity of this enzyme results in the accumulation of hydrogen peroxide, increasing the 
production of hydroxyl radical via Fenton's [53] which explains the associated oxidative stress. The low levels of 
CAT could be related to high production of superoxide anion radicals, which has been reported to inhibit CAT 
activity in case of excess production [54]. 
Also in this study GPx activity was significantly decreased in the liver of rats collected from most polluted site 
(location 1). The decreased GPx activity in present study might be attributed to increased utilization for elimination 
of H2O2 and organic hydroperoxides [55]. GPx is an enzyme containing four selenium cofactors that catalyzes the 
breakdown of H2O2 and organic hydroperoxides. 
The current data showed decline in the activities of GR .This could be due to the involvement of this enzyme in 
the detoxification and possibly repair mechanism in liver and the antioxidant constituents which can scavenge free 
radicals [56]. GR is a glutathione regenerating enzyme that permits the conversion of oxidized glutathione (GSSG) 
to reduced glutathione (GSH) by the oxidation of  NADPH to NADP
+
. 
In conclusion, this work reinforces the suitability of oxidative stress biomarkers as tools for assessing pollution 
impacts in situations where mixtures of contaminants are found. It is recommended that inhabitants of urban areas 
should avoid living in the vicinity of industrial areas. There is a need to establish more environmental friendly 
industries and restructure the traditional industries conforming to the standards emphasized by the Environmental 
Agencies worldwide.  
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